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Background of the Invention 

[0002] When the surface of a medical device such as a nathotor ti.H~ m^m 

in the body, or in contact with bodv fluids * ' b,00d ox y9 enator . stent or the like is placed 

response called hepailn Induced S ^dCnoT ^SH^^TT"* ** 
coaguHfc. properties of the SZ tS MeSnS , T" T* ' SU,,,ce "««*»*" utfig »» w 

« - mm, rs , ,„ L y o, «^zrj&iL"sr'" ™ aMons — ■ ,rom 
Sp.™r,,:^ 

Prior art 

Sn,^.:^^^ 

on the surface of the medicaMevice and h m ° difyin9 ' ayerS ^"3 amino groups 

s.L„?e!SdS h ' s ™ d '* pMb ^ 

rornbogenic.^^ 
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to an antithrombogenic hemofitter also using a chitosan layer for binding heparin. 

[001 5] In E P-A- 0481 1 60 it is described antithrombogenic materials useful for coating medical articles, which material 
comprises an anticoagulant bound to processed collagen. 

[0016] Another process for preparing antithrombogenic surfaces is described in WO97/07843 wherein the heparin 
5 is admixed with sufficient periodate not to react with more than two sugar units per heparin molecule and this mixture 
is added to a surface modified substrate of a medical device, which surface modification contains amino groups. 
[001 7] This listing of prior art processes for preparing antithrombogenic surfaces is by no means complete, and it is 
a clear indication that it is difficult to prepare such coated medical articles which exhibit the properties necessary for 
successful use in patients, namely a sufficient and long-lasting high antithrombogenic activity, stability of the coating 
10 and no adverse changes of the properties of the substrate to be coated. 

[0018] Therefore there is still a need in the art for improvements of the antithrombogenic coatings, which will render 
the medical articles thereby coated non-thrombogenic in a stable, reliable and reproducible manner and with a strong 
and lasting antithrombogenic effect. 

15 Definition of the Invention 

[0019] A main object of the present invention is to improve the antithrombogenic activity of surface immobilized 

heparin. This and other objects are achieved by the invention as defined in the attached claims. 

[0020] Thus, it has now surprisingly been found that it is possible to further improve the antithrombogenic activity of 

20 known surface modifications through a simple and inexpensive procedure. The improvement can be measured as a 
higher heparin bioactivity when the heparin treated according to the invention is attached to a surface. 
[0021] The present invention relates to a process for preparing substrate surface modifications having an improved 
antithrombogenic activity, whereby the improvement is achieved by treating heparin at elevated temperature or at 
elevated pH or in contact with nucleophilic catalysts such as amines, alcoholes, thiols or immobilized amino, hydroxyl 

25 or thiol groups before attaching said heparin to the surface to be modified. 

[0022] As will appear from the prior art mentioned, there are known many different methods for producing a surface 
modifying layer carrying active groups to which a heparin can be bound or attached, and the heparin prepared according 
to the present invention and having superior antithrombogenic properties may be used in connection with any prior art 
method of preparing layers to which heparin can be bound. 

30 [0023] Optionally the medical device on which the surface modification is to be introduced, may be produced from 
a material or materials, whereby active functional groups are directly available on the surface, without the need for the 
introduction on the surface of a further layer carrying functional groups to which heparin can be bound. The heparin 
prepared according to the present invention and having superior antithrombogenic properties may be used in connec- 
tion with such materials, too. 

35 [0024] The process of this invention may be described more generally to include different materials carrying functional 
groups or different prior art methods of treating the surface in order to make available groups by which heparin, op- 
tionally treated to contain for instance aldehyde, carboxylic acid or amino groups, can be attached to that surface, 
preferably by covalent links. 

[0025] Thus, such a method for producing a substrate surface modification having an improved non-thrombogenic 
40 activity will at least comprise 
reacting 

(A) functional groups on a surface to be rendered non-thrombogenic, 
with 

45 (B) heparin, modified to contain complementary functional groups, 

so as to form covalent bonds, 

whereby . 

said heparin is activated to enhance its activity when surface bound, in a step before reacting (A) with (B), 
so through a procedure selected from the following group of procedures: 

(i) heating in the range from 40°C to the boiling temperature of the solvent; 

(ii) treatment at an elevated pH, i.e. in the range of pH 9-14; 
(iti) treatment with at least one nucleophilic catalyst. 

55 

[0026] Some of the procedures may be combined to give the same or even an enhanced activity of the surface bound 

heparin. Thus the procedure (i) may advantageously be combined with either procedure (ii) or (iii). 

[0027] The term "nucleophilic catalysts" is used to indicate that no actual chemical reaction takes place between the 
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(i) heating in the range from 40°C to the boiling temperature of 
(it) treatment at an elevated pH, i.e. in the range of pH 9-14- 
25 (Hi) treatment with at least one nucleophilic catalyst 

to enhance the activity of the heparin when surface bound, and 
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(A): 



(a) adding to the surface to be modified a layer of a polymer comprising amino groups, and 

(b) optionally cross-linking the layer of step (a) with a brfunctional cross-linking agent; 

(c) adding.to the layer of step (b), a layer of an anionic polymer; 

(d) optionally repeating the steps (a), (b) and (c) at least one time, 
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(e) followed by a final step (a), and 

(B): 

5 (f) modifying heparin through nitrous acid or periodate oxidation to comprise aldehyde groups. 

Further the process is characterised by the following step which is new and distinctly different compared 
to the prior art: 

(g) treating the aldehyde heparin in water solution in a further step selected from the following group of pro- 
w cedures: 

(i) heating in the range from 40°C to the boiling temperature of 

(ii) treatment at an elevated pH, i.e. in the range of pH 9-14; 

(iii) treatment with at least one nucleophilic catalyst. 

to enhance the activity of the heparin when surface bound. 

[0035] the process is then preferentially continued as described by the prior art listed above by: 

(h) reacting the layer resulting from step (a) or (e) with the further treated aldehyde heparin from step (g). 

20 

[0036] The surface modified substrates prepared according to this invention are also encompassed by the present 
invention. 

[0037] The procedures (i), (ii) and (iii) may be performed in any solvent, but it is most preferred to perform them in 
aqueous solution, but in special circumstances, it may be suitable to use organic solvents, optionally together with 
25 complex builders, or mixtures of aqueous and organic solutions. 

[0038] The time needed for the heating procedure (i) is not crucial. Presumably, the activation achievable will depend 
on the combination of time and temperature. Thus, in one embodiment the temperature is in the range 40-80 °C and 
more preferred 50-70 °C. In a second embodiment it is kept at 60°C. 

[0039] The procedure (ii) is performed at pH 9-14, more preferred pH 9-12. It is more suitable to use the pH range 
30 of 9-11. 

Advantages 

[0040] Through the present invention the following advantages can be achieved: improved nonthrombogenic activity, 
35 and as a result thereof 

sufficient non-thrombogenicity can be obtained with lower quantities of immobilized heparin. This is especially 
important for material and devices associated with difficulties to immobilize large amounts of heparin, 
higher non-thrombogenicity can be obtained with the same amount of immobilized heparin. This is especially 
40 important in applications with strong thrombogenic stimuli e.g. in situations with low. blood flow and applications 

like catheters and vascular grafts with narrow lumen or in cases where the patient otherwise would require addi- 
tional systemic heparinization. ' 

[0041] The present invention is explained more closely in the examples below. 

45 

Example 1 

[0042] Heparin of pharmacopoeia! quality was treated with nitrous acid, essentially as described in EP B-00861 86. 
After the oxidation the reaction solution was divided Into four parts (each 60 ml) which were treated according to one 
so of the following steps: 

1 . Neutralized with 4M NaOH to pH 7. 

2. Adjusted to pH 2.5 with 2M HCI and kept at 40°C for 1 hour, then neutralized with 4M NaOH to pH 7. 

55 

3. Adjusted to pH 1 0 with 4M NaOH and kept for 1 hour at 40°C. Thereafter it was neutralized to pH 7 with 4M HCI. 

4. Neutralized with 4M NaOH to pH 7. The solution was made 0.1 M in NH 4 Ac and kept at 40°C for 1 hour. The 
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solution was then evaporated to remove NH 4 Ac. The residue was dissolved in 60 ml water and pH adjusted to 7. 
Son)? 6 hePafin PreParati ° nS WGrC ***** t0 aSS3y of Coagulant activity (antithrombin mediated thrombin 
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Heparin preparation post nitrous acid treatment 


Heparin activity lU/mg 


1.pH7 


121 


2.pH2.5 


125 


3.pH10 


116 


4. pH 7, NH 4 Ac 


123 



■« SZ oUnS?!^' 6 " 6 ^ i ^ mmvM " « 10 EP 0085186 - for 
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Heparin preparation post nitrous acid treatment 


AT-binding on heparinized surface pmol/cm 2 


1.pH7 


35 


2.pH2.5 


36 


3. pH10 


109 


14. pH 7, NH 4 Ac 


59 



25 Conclusions: 
[0045] 
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• Treatment of nitrous acid oxidized heparin in an alkaline environment at pH 10 according to the present invention 
leads to a h.ghiy enhanced (more than 3 times higher) heparin activity after immobilisation on a surface as com 

. Cb^ 

• Treatment of nitrous acid oxidized heparin with NH 4 Ac before immobilisation results in a somewhat elevated ac- 
tivity, whereas treatment at low pH does not have any effects. 

Example 2 

[0046] Heparin of pharmacopoeial quality was treated with nitrous acid, essentially as described in EP B-0086186 
and then neutralized to pH 7 with 4M NaOH and freeze dried. 

[0047] Tubing of polyethylene was heparinized with solutions of the nitrous acid oxidized heparin that had been 
subject to one of the following treatments. nepann mat naa been 

1 . No pre-treatment. 

2. Dissolved in water and kept at 50°C for 16 hours before use. 

3. Kept at pH 1 0 and 50°C. 

4. Dissolved in water and circulated over an aminated surface (aminated tubing) at 50»C for 1 6 hours before use. 

[0048] Heparinization was performed essentialfy as described in EP B-0086186. The heparinized pieces of tubing 
were analyzed with respect to binding of antithrombin. «.unuDing 



Heparin preparation post nitrous acid treatment 


AT-binding on heparinized surface pmol/cm 2 


1 . No treatment 


48 


2. Kept at 50°C for 1 6 hours 


94 
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(continued) 



Heparin preparation post nitrous acid treatment 


AT-binding on heparinized surface pmol/cm 2 


3. Kept atpH 10 and50°C 


109 


4. Circulated at 50°C for 1 6 hours over aminated surface 


122 



Conclusion: 



[0049] 

♦ In addition to effects observed in Example 1 , treatment of nitrous acid oxidized heparin by prolonged heating or 
by contact with surface immobilized nu-cleophites, such as amino-groups, lead to highly enhanced heparin activity 
when immobilized on a surface. 

15 

Example 3 

[0050] In this Example it is shown that oxidation of heparin using two different methods which are well known to a 
person skilled in the art, both lead to a surprising elevated AT absorption when a heparin, activated according to this 
20 invention is used. 

[0051] PVC tubes with an internal diameter of 3 mm were either: 

a) heparinized with a nitrous acid oxidized heparin prepared according to EP B-00861 86 and not subject to further 
treatment, 

25 

b) heparinized with a nitrous acid oxidized heparin prepared according to EP B-00861 86 and then subject to treat- 
ment with alkali (pH 1 0, at 40°C for 1 h), 

c) heparinized with a periodate oxidized heparin prepared according to PCT WO97/07384 and not subject to further 
30 treatment, or 

d) heparinized with a periodate oxidized heparin prepared according to PCT WO97/07384 and then subject to 
treatment with alkali (pH 10, at 40°C for 1 h). 





Not alkali treated 


Alkali treated 


AT absorption pmoi/cm 2 


AT absorption pmol/cm 2 


Nitrous acid oxidized heparin 


46 


105 


Periodate oxidized heparin 


44 


78 



Claims 

45 1 . A method for producing a substrate surface modification having an improved non-thrombogenic activity comprising 
at least the following step of: 
reacting 

(A) functional groups on a surface to be rendered non-thrombogenic, 
50 with 

(B) heparin, modified to contain complementary functional groups, 
so as to form covalent bonds, 

characterised by 

activating said heparin to enhance its activity when surface bound, in a step before reacting (A) with (B), 
55 through a procedure selected from the following group of procedures: 

(i) heating in the range from 40°C to the boiling temperature of the solvent; 

(ii) treatment at an elevated pH, i.e. in the range of pH 9-14; 



7 



EP1 112 097 B1 

(«0 treatment with at least one nudeophilic catalyst 

2. A method according to claim 1 , which comprises the following steps: 

trea«ng the surface to be mooted in one or more steps to form a .ayer comprising functfonai groups on the 

3. A method according to claim 1 , where the pH is in the range 9-11 . 
10 4. A method according to claim 3, where the pH is 10. 

5. A method according to claim 1 , where the nucleophilic catalyst is NH4Ac. 

6. A ™^accordingtodaim1,v^^ 

7. A method according to claim 2, which comprises forming a layer on the surface by 

(A) : 

(a) adding a layer of a polymer comprising amino groups to the surface to be modified, 

(b) optionally cross-linking the layer of step (a) with a bifundional cross-linking agent, 

(c) adding a layer of an anionic polymer to the layer of step (b), 

(d) optionally repeating the steps (a), (b) and (c) at least one time, 

(e) followed by a final step (a), and 

(B) : 

{ lT^V n thr ° U9h nftr ° US ^ " Per ° Xidate ° Xidati0n 10 ° 0mpriSe ^ups. 

(i) heating in the range from 40°C to the boiling temperature of the solvent- 
(ti) treatment at an elevated pH, i.e. in the range of pH 9-1 4- 
(in) treatment with at least one nucleophilic catalyst, 

and finally 

(h) reacting the layer resulting from step (a) or (e) with the further treated aldehyde heparin from step (g). 
8. A surface modified substrate produced according to any of the claims 1 -7. 

PatentansprOche 

Reagieren von 

(A) funktionellen Gruppen auf einer Oberflache, die nicht-thrombogen werden soil, mft . 

(B) Heparin, so verandert, dass es komplementare funktionelle Gruppen enthalt, 
urn kovalente Bindungen zu bilden, 
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dadurch gekennzeichnet, dass oas n P gebun den ist, 

AWMtftt verbessert ist, wenn es |*n '^^^y^^. 
durch ein Verfahren, ausgewahtt aus derGruppevo 

m Behandein bei einem erhehten pH. dh. * Bereich von pH 9 bis U; 
(iii) Behandeln mit mindestens einem nukleophilen Katalysator. 
, Verfahronge^ssAnspmchl.umfassenddiefolgendenSchritte: 

M Smppm ■* *>' OM«a=M » "Men. 

*- — *«- — 
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■ o- nH^rPeroxidatoxidation.damitesAldehydgruppen 
n Modif izieren des Heparins durch salpetrige Saure- odar Perox.datox 
enthalt, 

gekennzeichnet durch ^ 



Verfahren: 



i Bereich von 40-C bis zum Siedepunkt des Losungsmittels; 
(i) Erwarmen auf einen Bereicn vuii t« 

00 Behandein bei einem erhohten pH. d.h. im Bereioh von P H 9 bis U; 
0 , 0 Behandein mitNnde^^ 

55 aus Schrttt (g). * . 
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Revendication s 

reaction de 

(AJgroupemente fonctionnels sur une surface devant etre rendue non thrombogenique. 

Ste^SS? 9, m °T^ P ourconle " ird <* groupements fonctionnels complements 
de maniere a former des liaisons covalentes. "t»«memaires, 

caracterisee en ce que 

rZZT^Z P ° Ur aU9m6nter ,0rSqU6 "* " 13 *» ™ ^ la 

au moyen d'une procedure cholsie dans le groupe de procedures survant : 

(hi) trartement avec au moins un catalyseur nucleophile. 

2. P^deselonlarevendicatlonl.quicomprendlesetapessuivantes: 

3. P'°^ selon la revendica^ 

4. Procede selon la revendication 3, dans lequellepH est de 10. 

5. Procede selon la revendication 1, dans lequel le catalyseur nucleophile est Nr^Ac. 

6 ' SSSiST ' a reVendiCatl ° n 1 ' ^ ' eqUel 168 contiennent des groupements amino 

7. ^eselonlarevendicationa.qu.comprendlaforr.atlond'unecouchesurlasurfacepar - 
(A): 

W*« d'une couche d'un polymere comprenant des groupements amino sur la surface devan, etre 

(b) eventueliement reticulation de la couche do I'.tape (a) avec un agent de relation bifonctionnel, 

(c) ajout d'une couche d'un polymere anionique a la couche de I'etape (b), 

(d) eventueilement repetition des etapes (a), (b)et(c)au moins une fois, . 

(e) suivie par une etape finale (a), et 

(B): 

IZ^ZT^ " m ° Ven d ' adde ° U 3U — -tenir des 

caracterise en ce que 

i^at^ . 

ladite etape deactivation <g) etant cholsie dans le groupe de procedures suivant : 

0) chauffage dans rintervaHe de temperature de 40-C a la temperature d'ebu.lition du solvant ; 
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(ii) traitement a un pH eleve, c'est-a-dire dans I'intervalle de pH de 9 a 14 ; 

(iii) traitement avec au moins uh catalyseur nucleophile, 

et f inalement 

(h) reaction de la couche resultant des etapes (a) ou (e) avec I'heparine aldehyde traitee ulterieurement 
dans T6tape (g). 

8. Substrat modifte en surface produit selon i'une quelconque des revendlcations 1 a 7. 
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